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0NJO[JDIUUFLSJKHFOJOJOGPSNBUJFNFUFFO
HFPHSBñTDIFEJNFOTJFJTIFUOVUUJHPNEF[F
JOGPSNBUJFWJTVFFMXFFSUFHFWFOPQFFO
LBBSU%FSHFMJKLFLBBSUFOIFMQFONFOTFOCJK
IFUOFNFOWBOCFTMJTTJOHFOCJKOBWJHBUJFCJK
IVMQWFSMFOJOHCJKSBNQFOFOPOEFSTUFVOFO
EFWPSNJOHWBOEFQVCMJFLFPQJOJF%F
CPPETDIBQWBOFFOEPFMUSFíFOEFLBBSUJT
EJSFDUEVJEFMJKL0OOPEJHFEFUBJMT[PBMTEF
FYBDUFHFPHSBñTDIFWPSNFOLVOOFOFDIUFS
BóFJEFOWBOEFQSJNBJSFJOGPSNBUJF%BBSPN
JTFFOTDIFNBUJTDIFLBBSUWBBLXFOTFMJKL%F
BBOEBDIUWBOEFLBBSUMF[FSXPSEUEBOHFSJDIU
PQEFJOGPSNBUJFXBBSIFUFDIUPNHBBU%F
WPSNFOEJFOFOIFSLFOCBBSHFOPFHUF[JKO
PNEFJOGPSNBUJFJO[JKOHFPHSBñTDIFDPOUFYU
UFQMBBUTFO[POEFSBGCSFVLUFEPFOBBOEF
IFMEFSIFJEWBOEFLBBSU4DIFNBUJTFSJOH
IFFGUFOJHFWFSXBOUTDIBQNFUHFOFSBMJTBUJF
(FOFSBMJTBUJFCFQFSLUIFUEFUBJMOJWFBVFDIUFS
UPUEBUHFOFEBUHFUPPOELBOXPSEFOFO
LBO[JDIWFSPPSMPWFOSVXFLBOUKFTUFMBUFO
[JUUFOEJFIFUNFUIFUCMPUFPPHOBVXFMJKLT
[JDIUCBBS[JKO4DIFNBUJTFSJOHHBBUWFFMWFSEFS
FOCFQFSLUIFUEFUBJMOJWFBVUPUXBUHFUPPOE
NPFUXPSEFO%FTUJKMWBOEFTDIFNBUJTFSJOH
LBOPPLJOGPSNBUJFPWFSESBHFOCJKWPPSCFFME
PWFSIFUUZQFLBBSUPGPWFSIFUPOEFSTDIFJE
UVTTFOWPPSFOBDIUFSHSPOEJOGPSNBUJF&FO
TDIFNBUJTFSJOHNPFUJOJFEFSHFWBMBMT[PEBOJH
IFSLFOCBBS[JKO[PEBUEFHFCSVJLFSHFFO
PWFSCPEJHFEFUBJMT[PFLUPGNJTU
#FMFJETNBLFSTFOIFUHSPUFQVCMJFL[JKO
HFCBBUCJKEFQSPEVDUJFWBOHPFEFLBBSUFO
EJFPQNBBUXPSEFOHFNBBLUWPPSEFBDUVFMF
PNTUBOEJHIFEFO0NEBULBBSUFONFUEFIBOE
UFLFOFOFFOUJKESPWFOELBSXFJJTJT[VMLNBBU
XFSLPWFSIFUBMHFNFFOBMMFFONPHFMJKLBMT
IFUNFUFFOESVLPQEFLOPQLBOHFCFVSFO
)FUJTEVTXFOTFMJKLPNTDIFNBUJTDIFLBBSUFO
BVUPNBUJTDIUFLVOOFOCFSFLFOFOPQCBTJT
WBOHFPHSBñTDIFJOGPSNBUJF[PBMTMBOETHSFO
[FO0OEFS[PFLOBBSEF[FBVUPNBUJTFSJOH
IFFGU[JDIUPUWPPSLPSUHFSJDIUPQTDIFNBUJTF
SJOHNFUSFDIUFMJKOFONFUFFOCFQFSLJOHPQ
EFSJDIUJOH	CJKWPPSCFFMEIPSJ[POUBMFWFSUJDBMF
FOýþEJBHPOBMFMJKOFO
%JUJTWFSNPFEFMJKL
EFFMTUFXJKUFOBBOEFJOWMPFEWBOTVDDFTWPMMF
LBBSUFO[PBMT#FDLTLBBSUWBOIFU-POEFOTF
NFUSPOFUXFSLFOEFFMTBBOIFUGFJUEBULBS
UPHSBñTDIFTPGUXBSFUPUWPPSLPSUWBBLHFFO
WMPFJFOEFLSPNNFMJKOFOLPOWFSXFSLFO4PNT
MFWFSUEJUGSBBJFSFTVMUBUFONBBSWBBLJTIFU
SFTVMUBBUFFOCPOUFWFS[BNFMJOHWBO[JH[BHMJK
OFOEJFEFLBBSUWJTVFFMEPNJOFSFO
*OIBOEHFUFLFOEFHFTDIFNBUJTFFSEFLBBSUFO
XPSEUEBOPPLWBBLHFCSVJLHFNBBLUWBO
HFCPHFOMJKOFOPNCJKWPPSCFFMEMBOETHSFO[FO
BBOUFHFWFO(FCPHFOMJKOFOCJFEFONFFS
VJUESVLLJOHTLSBDIUEBOSFDIUFMJKOFOFFOLFUFO
WBOSFDIUFMJKOTUVLLFOLBOWBBLXPSEFOWFSWBO
HFOEPPSÊÊOWMPFJFOEFCPPH3FDFOUFMJKLIFFGU
EFBVUPNBUJTFSJOHWBOEFSHFMJKLFiHFCPHFO
TDIFNBUJTFSJOHuBBOEBDIUHFLSFHFO%JUBSUJLFM
CFTQSFFLUUXFFUFDIOJFLFOEJFIJFSVJUWPPSU
[JKOHFLPNFO#FJEFNFUIPEFO[JKOHFSJDIUPQ
IFUCFSFLFOFOWBOFFOTDIFNBUJTFSJOHWBOUFS
SJUPSJBMFHSFO[FO[PBMTMBOETPGQSPWJODJFHSFO
[FO&SXPSEUVJUHFHBBOWBOHSFO[FOEJFBMT
FFOQPMZHPPO	FFOSFFLTWBOBBOFFOTMVJUFOEF
MJKOTUVLLFO
XPSEFOHFHFWFO0QCBTJTIJFSWBO
XPSEUFFOSFQSFTFOUBUJFEPPSNJEEFMWBO
LSPNNFOCFSFLFOE%FSFTVMUBUFOMBUFO[JFO
EBUBVUPNBUJTDIHFTDIFNBUJTFFSEFLBBSUFOPQ
CBTJTWBOWMPFJFOEFLSPNNFOUFHFOXPPSEJH
HPFENPHFMJKL[JKOFOEBUEBBSCJKFFOXFSFME
BBOWFSTDIJMMFOEFTUJKMFOUFPOUEFLLFOUFWBMU
Automatische schematisering 
met gebogen lijnen
&FOTDIFNBUJTDIFLBBSUHFCSVJLU
BCTUSBDUFFOHFTUJMFFSEFWPSNFOPN
BMMFFOEFCFMBOHSJKLTUFHFPHSBñTDIF
LFONFSLFOUFUPOFOPOOPEJHF
EFUBJMTXPSEFOXFHHFMBUFO
)BOEHFUFLFOEFTDIFNBUJTDIF
LBBSUFO[JKOFSHFíFDUJFGJOIFU
DPNNVOJDFSFOWBOJOGPSNBUJF
NFUFFOHFPHSBñTDIFEJNFOTJF
7BBLXPSEFOWMPFJFOEFHFCPHFO
MJKOFOHFCSVJLUPNCJKWPPSCFFME
MBOETHSFO[FOBBOUFEVJEFO
)FU̾DSFÌSFOWBOFFOTDIFNBUJTDIF
LBBSUJTFDIUFSFFOUJKESPWFOE
LBSXFJ)FUJTEVTXFOTFMJKLPNEJU
UFBVUPNBUJTFSFO1BTSFDFOUFMJKL
JTIFUHFCSVJLWBOHFCPHFO
MJKOFOEPPSHFESPOHFOUPUIFU
POEFS[PFLOBBSBVUPNBUJTDIF
TDIFNBUJTFSJOH*O̾EJUBSUJLFMXPSEFO
UXFFUFDIOJFLFOCFTQSPLFO
EJFFFOTDIFNBUJTFSJOHNFU
LSPNNFOCFSFLFOFOPQCBTJTWBO
HFEFUBJMMFFSEFHFPHSBñTDIFWPSNFO
Door Arthur van Goethem, 
Herman Haverkort, Wouter Meulemans, 
Andreas Reimer, Bettina Speckmann en 
Jo Wood
'JHVVS ú 7PSPOPJDFMMFOFOFFOLSPNNF UFSWFS-
WBOHJOHWBOFFOQPMZHPPOEFFM
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Techniek 1: optimalisatie  
via Voronoi-cellen
*OEFFFSTUFNFUIPEFXPSEUWPPSFMLQBBS
IPFLQVOUFOWBOIFUQPMZHPPOFFOLSPNNF
CFSFLFOEEJFIFUUVTTFOMJHHFOEFTUVLWBOIFU
QPMZHPPO[PVLVOOFOWFSWBOHFO%FLXBMJUFJU
WBOFFOLSPNNFCFQBBMUIPFHFTDIJLUEF[F
JTPNFFOHFEFFMUFWBOIFUQPMZHPPOUF
WFSWBOHFO%PPSNJEEFMWBOEZOBNJTDI
QSPHSBNNFSFO	FFOPQUJNBMJTBUJFUFDIOJFL

LBOEFCFTUFTFMFDUJFWBOCFOBEFSFOEFLSPN
NFOXPSEFOHFNBBLUEJFTBNFOIFUIFMF
QPMZHPPOWFSWBOHFO&FO[PLMFJONPHFMJKL
BBOUBMLSPNNFOCJKFFOHFHFWFONJOJNBMF
LXBMJUFJUPGFFO[PIPPHNPHFMJKLFLXBMJUFJUCJK
FFOHFHFWFOBBOUBMLSPNNFO&SXPSEUBMMFFO
HFCSVJLHFNBBLUWBOLSPNNFOEJFCJOOFOEF
7PSPOPJDFMCMJKWFOEX[EFLSPNNFCFTUBBU
FOLFMVJUQVOUFOXBBSWPPSIFUEJDIUTUCJK[JKOEF
QVOUMBOHTIFUQPMZHPPOPOEFSEFFMJTWBOIFU
TUVLQPMZHPPOEBUXPSEUWFSWBOHFO	'JHVVS̾ú

)JFSEPPSTOJKEFOEFLSPNNFOEJFWFSTDIJM
MFOEFEFMFOWBOIFUPPSTQSPOLFMJKLFQPMZHPPO
WFSWBOHFOFMLBBSOJFU7FSTDIJMMFOEFLSPNNFO
FOLXBMJUFJUTNBUFOLVOOFOXPSEFOHFCSVJLU
UXFFWBSJBOUFOWBOEF[FNFUIPEFXPSEFO
IJFSPOEFSCFTQSPLFO
%FFFSTUFWBSJBOUXFSLUNFULVCJTDIF#Ê[JFS
LSPNNFO0NEFLXBMJUFJUWBOFFOLSPNNFUF
CFSFLFOFOXPSEFOQVOUFONFUFFODPOTUBOUF
UVTTFOBGTUBOEHFQMBBUTUMBOHT[PXFMEF
LSPNNFBMTIFUCJKCFIPSFOEFQPMZHPPOEFFM
%F[FQVOUFOXPSEFOQBBSTHFXJKTNFUFMLBBS
WFSCPOEFOFMLQBBSIFFGUFFOPOEFSMJOHF
BGTUBOE%FBGTUBOEUVTTFOEFLSPNNFFO
IFUQPMZHPPOEFFMXPSEUHFEFñOJFFSEBMT
FFOHFXPHFOHFNJEEFMEFWBOEFPOEFS
MJOHFBGTUBOEFOXBBSCJKQBSFOEJDIUCJKEF
FJOEQVOUFOFFOIPHFSHFXJDIULSJKHFO&FO
MBHFBGTUBOEEVJEUFFOIPHFLXBMJUFJUBBO
7JBOVNFSJFLFCFOBEFSJOHXPSEUWPPSFFO
QPMZHPPOEFFMFFOLSPNNFNFUFFOIPHF
LXBMJUFJUCFSFLFOE%FXFHJOH[PSHUFSWPPS
EBUEFCFSFLFOEFLSPNNFSPOEEFFJOEQVO
UFONJOPGNFFSJOEFHPFEFSJDIUJOHMPPQU
%JUWPPSLPNUTDIFSQFIPFLFOJOIFUSFTVMUBBU
EJFOJFUJOIFUQPMZHPPO[BUFO%FTDIFSQF
IPFLFOEJFXFMJOEFTDIFNBUJTFSJOHUF[JFO
[JKOLPNFOEBOPPLPWFSFFONFUFFOEVJEFMJKL
[JDIUCBSFTDIFSQFIPFLJOIFUQPMZHPPO
%FUXFFEFWBSJBOUXFSLUNFUDJSLFMCPHFO
%F[FXPSEFO[PHFLP[FOEBUEFPQQFSWMBLUF
WBOIFUQPMZHPPOOJFUWFSBOEFSUXBOOFFSFFO
HFEFFMUFEPPSFFODJSLFMCPPHXPSEUWFSWBO
HFO%FLXBMJUFJUWBOFFODJSLFMCPPHXPSEUOV
CFSFLFOEBMTEF[PHFOBBNEF'SÊDIFUBGTUBOE
UVTTFOEFCPPHFOIFUWFSWBOHFOHFEFFMUF
WBOIFUQPMZHPPO%F[FBGTUBOELBOHF[JFO
XPSEFOBMTEFNJOJNBMFNBYJNVNBGTUBOE
UVTTFOEFCPPHFOIFUQPMZHPPOEFFMBMTCFJEF
MJKOFOWBOCFHJOUPUFJOEHFUSBDFFSEXPSEFO
0PLIJFSHFMEUEBUFFOIPHFBGTUBOEFFOMBHF
LXBMJUFJUBBOHFFGU
Techniek 2: stapsgewijs vervangen
%FUXFFEFNFUIPEFWPPSTDIFNBUJTFSJOH
HBBUVJUWBOIFUPPSTQSPOLFMJKLFQPMZHPPO
FOCFTDIPVXUFMLF[JKEFEBBSWBOBMTFFO
DJSLFMCPPHNFUFFOPOFJOEJHHSPUFTUSBBM
7FSWPMHFOTXPSEUIFUQPMZHPPOTUFFET
WFSEFSHFTDIFNBUJTFFSEEPPSUFMLFOTUXFF
PGESJFPQFFOWPMHFOEFDJSLFMCPHFOEPPS
SFTQFDUJFWFMJKLÊÊOEBOXFMUXFFDJSLFMCPHFO
UFWFSWBOHFO	[JF'JHVVSû
%BBSCJKXPSEU
XFEFSPNHFHBSBOEFFSEEBUEFPPSTQSPOLF
MJKLFPQQFSWMBLUFCFIPVEFOCMJKGUFODJSLFM
CPHFOFMLBBSOJFUTOJKEFO*OIFUHFWBMEBUESJF
DJSLFMCPHFOEPPSUXFFDJSLFMCPHFOXPSEFO
WFSWBOHFOXPSEUFFOIFVSJTUJFLHFCSVJLU
PNFFOHPFEQVOUUFWJOEFOXBBSEFUXFF
DJSLFMCPHFOPQFMLBBSBBOTMVJUFOEJUQVOU
IPFGUHFFOIPFLQVOUWBOIFUPPSTQSPOLFMJKLF
QPMZHPPOUF[JKO*OFMLFTUBQWBOIFUBMHPSJUNF
[JKOFSNFFSEFSFPQUJFTPNDJSLFMCPHFOUF
WFSWBOHFO%FHFLP[FOPQUJFIFFGUEFCFTUF
HFMJKLFOJTUVTTFOEFWFSWBOHFOEFDJSLFMCPHFO
FOIFUPSJHJOFMFQPMZHPPOEFFMEBUEF[FCPHFO
SFQSFTFOUFSFO0NEFHFMJKLFOJTUFCFQBMFO
XPSEUIFUiTZNNFUSJTDIFWFSTDIJMuHFCSVJLU
EJUJTEFPQQFSWMBLUFWBOIFUPSJHJOFFMEBUOJFU
XPSEUCFEFLUEPPSIFUQPMZHPPONFUEFWFS
WBOHFOEFDJSLFMCPHFOFOWJDFWFSTB%F̾TUBQT
HFXJK[FNFUIPEFPOEFSTUFVOUWFSTDIJMMFOEF
UFLFOTUJKMFOEPPSIFUTZNNFUSJTDIWFSTDIJM
UFXFHFONFUBOEFSFHFPNFUSJTDIFFJHFO
TDIBQQFOWBOEFWFSWBOHFOEFDJSLFMCPHFO
%SJF̾TUJKMFOXPSEFOCFTDIPVXEMJDIUHFCPHFO
TUFSLHFCPHFOPGHFDPNCJOFFSE7PPSEFMJDIU
HFCPHFOTUJKMXPSEUFFOWPPSLFVSHFHFWFO
BBODJSLFMCPHFONFUFFOIPHFTUSBBMWPPSEF
TUFSLHFCPHFOTUJKMXPSEUKVJTUFFOWPPSLFVS
HFHFWFOBBOFFOLMFJOFTUSBBM%F̾HFDPNCJ
OFFSEFTUJKMHFCSVJLUHFFOWPPSLFVSEFLFV[F
WBOFFOTUBQHFCFVSUFOLFMBBOEFIBOEWBO
IFUTZNNFUSJTDIWFSTDIJM
Voorbeeldresultaten
)FUHFCSVJLWBOWFSTDIJMMFOEFLSPNNFOFO
LXBMJUFJUTNBUFOLBOMFJEFOUPU[FFSWFS
TDIJMMFOEFSFTVMUBUFO#Ê[JFSLSPNNFOEJF
DPNQMFYFWPSNFOLVOOFOSFQSFTFOUFSFO[JKO
JOTUBBUPN[FMGTCJK[FFSTJNQFMFTDIFNBUJTF
'JHVVSü 3FTVMUBUFOWBOEFFFSTUF UFDIOJFL7JFUOBNNFUDJSLFMCPHFO 	CPWFO
FO"GSJLBNFU#Ê[JFS
LSPNNFO 	POEFS
 7BO MJOLT OBBS SFDIUTXPSEFO TUFFETNJOEFS LSPNNFO HFCSVJLU PN FFO TUFSLFSF
TDIFNBUJTFSJOHUFCFSFJLFO
'JHVVSû)FUWFSWBOHFOWBODJSLFMCPHFO
4 1 & $ * " -
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SJOHFOOPHBDDVSBBUWPSNFOXFFSUFHFWFO
%FSFTVMUBUFONFUDJSLFMCPHFOHFWFOFDIUFS
FFOWFFMTUFSLFSHFTDIFNBUJTFFSEFJOESVLEPPS
IVOLVOTUNBUJHFWPSNHFWJOH"GIBOLFMJKL
WBOEFEPFMTUFMMJOHWBOEFLBBSUHFOJFUFO
WFSTDIJMMFOEFLSPNNFOEFWPPSLFVS'JHVVS̾ü
FO'JHVVSýUPOFOSFTVMUBUFOWBOEFFFSTUF
SFTQFDUJFWFMJKLUXFFEFUFDIOJFL'JHVVSþ
JMMVTUSFFSUFFOVJUHFXFSLUFTDIFNBUJTDIFLBBSU
%FEPFMTUFMMJOHWBOFFOLBBSUCFÐOWMPFEU
EJWFSTFBTQFDUFO[PBMTLMFVSHFCSVJLFOTUJKM
WBOXFFSHBWF0PLEFTDIFNBUJTFSJOHTTUJKM
	CJKWPPSCFFME#Ê[JFSLSPNNFOPGDJSLFMCPHFO

IBOHUIJFSWBOBG5VTTFOXFFSHBWFFOTDIF
NBUJTFSJOHTTUJKMCFTUBBUEVTFFONPHFMJKLFDPS
SFMBUJF&FOPQWBMMFOEFXFFSHBWFLBOHFCBBU
[JKOCJKIFUHFCSVJLWBODJSLFMCPHFOWBOXFHF
IVOPQWBMMFOEFWPSN%FDPNQMFYFSF#Ê[JFS
LSPNNFOIFCCFONFFSWSJKIFJEFOEBBSNFF
FFOMBHFSFWJTVFMFBCTUSBDUJFXBBSEPPSWPS
NFONJOEFSPQWBMMFOJOEFVJUFJOEFMJKLFLBBSU
'JHVVSÿJMMVTUSFFSUFFONPHFMJKLFDPNCJOBUJF
WBOXFFSHBWFFOTDIFNBUJTFSJOHTTUJKM%FMJDIU
HFCPHFOTDIFNBUJTFSJOHQBTUHPFECJKIFU
TDIFUTQSPDFTXBBSCJKTUFSLHFCPHFOLSPNNFO
OJFUWFFMHFCSVJLUXPSEFO'JHVVSĀJMMVTUSFFSU
FFOBOEFSFDPNCJOBUJFXBBSCJKLMFVSHFCSVJL
FOTDIFNBUJTFSJOHTTUJKM[JKOBGHFTUFNEPQIFU
CFUSFíFOEFMBOE
Discussie
%FFFSTUFNFUIPEFJTJO[FLFSF[JOHSPOEJH
PNEBU[FFSWFFMLSPNNFOXPSEFOPWFSXPHFO
FOFFOPQUJNBMFDPNCJOBUJFXPSEUCFSFLFOE
)FUJTFDIUFSPPLSFMBUJFGUJKESPWFOEFOXFJOJH
óFYJCFMPNEBUTMFDIUTLSPNNFOEJFPQ
IPFLQVOUFOWBOIFUPPSTQSPOLFMJKLFQPMZ
HPPOCFHJOOFOFOFJOEJHFOLVOOFOXPSEFO
HFCSVJLU#JKWFSHBBOEFTDIFNBUJTFSJOHLBOEJU
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